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(54) ' Method for establishing a connection between an interactive network adapter and a network 
interface unit as well as network interface unit and interactive network adapter 

(57) The invention deals with the establishment and 

modification of connections between network interface , , , . 

units (11 ) such as a cable modem and a head-end (12) 
at the cable operator's side. There is already specified 
a return channel in the DVB standard. In this specifica- 
tion there is a process specified named sign-on proce- 
dure, which is always performed after an upstream fre- 
quency/channel change. During this sign-on procedure 
on the terminal side the synchronisation in time and the 
power level adjustment are the main tasks to be per- 
formed. This individual adjustment can be quite long, 
depending on the configuration of the network and on 
the terminal location in the cable access network. 

According to the invention modified connection es- 
tablishment procedures and connection changing pro- 
cedures are defined. For this purpose, the head-end de- 
vice transmits some parameter change values to the ter- 
minals during connection establishment. Those param- 
eter change values are, for example, power level adjust- 
ment values and time offset adjustment values. Further- 
more modified connect establishment messages, re- 
provision messages and transmission control messag- 
es are specified which are used to simplify the connec- 
tion establishment and connection change processes. 
With this proposal it is possible that the timing adjust- 
ment need not be performed in a relative big ranging 
area and also the power level adjustment can be accel- 
erated subjectively. 
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Description 

[0001] The invention relates to a method for establishing/modifying a connection between an interactive network 
adapter and a network interface unit. The invention is also related to an interactive network adapter itself, which can 
be used in the method as well as a network interface unit. 

Background 

[0002] The present invention relates to subscriber networks, such as broadband cable television networks, and more 
particularly to improvements relating to establishing/modifying a connection between a subscriber station/terminal/set- 
top box, often called network interface unit and a central station of the network, which is often called a head-end or 
interactive network adapter. The invention is particularly suitable for use with networks with subscriber terminals/set- 
top boxes that use two-way modems, such as cable modems, that are connected to the network. Such modems are 
increasingly being used to allow network users to send and receive data, e.g. for Internet access, at relatively high 
speed. The modems may also provide telephone/telefax capabilities as well as television programme related interac- 
tivity data. The invention is also used generally for terminals that have an upstream signalling capability via the network 
e.g. to a network head end. When talking about upstream data transmissions, it is meant that data packets are sent 
from the subscriber station (cable modem, set-top box equipped with a cable modem, or the like) to the central station/ 
head-end at the cable operator side. Respectively the downstream data transmission direction is the opposite i.e. data 
packets are transmitted from the central station at the cable operator side to the subscriber stations. 
[0003] With the term cable modem, a modem is referred to that operates over the ordinary cable TV network cables. 
Basically, the cable modem is just connected to the TV outlet for the cable TV and the cable TV operator connects a 
cable modem termination system at the head-end (the cable company main office). 

[0004] The term cable modem termination system describes the vital component that cable operators must install 
at the head-end. A CMTS instructs a cable modem when to transmit signals upstream and which channels to use. A 
CMTS demodulates upstream signals, translates them back into IP packets and redirects them to a sample switch. 
The sample switch redirects the IP packets to an IP router for transmission across the Internet. In the opposite direction 
it modulates downstream signals for transmission across the Hybrid Fibre Coax (H FC) cables to the subscribers homes. 
One CMTS will normally provide support for up to thousand simultaneous cable modem subscribers across a single 
6 MHz channel. If more cable modems are required, adding more channels to the CMTS increases the number of 
channels. 

[0005] To further explain the often-used terms upstream and downstream signals the following explanation is given. 
Downstream signals from the head-end are broadcast to all cable modem subscribers on the same network. Each 
cable modem filters the signals it needs from the stream of signals. In the upstream direction every cable modem is 
trying to place a different signal onto the network that will eventually share the same piece of transmission spectrum. 
Therefore, any form of access method is required to regulate which signal is actually carried, Access methods come 
in different varieties, such as Time or Frequency Division Multiple Access (TDM A or FDMA), Asynchronous Transfer 
Mode (ATM), Carrier Sense Multiple Access/Collision Detection (CSMA/CD) etc. which method is appropriate depends 
on the expected application (TV, Internet, phone). 

[0006] There are protocol layers that ensure the upstream arid downstream transmission of signals across the same 
piece of transmission spectrum, of course, in an orderly and fair way. For this purpose a media access control layer 
(MAC) and logical link control layer (LLC) are provided. Both the CMTS and the cable modem implement these protocol 
layers for several reasons, which include: 

1 . To ensure that upstream signals from all cable modems are received. 

2. To assign frequencies to cable modems so they know where to transmit signals. 

3. To assign time slots to the cable modems so that they know when to transmit signals to the head-end. 

[0007] Standards have already been developed for this type of data communication. They include the multimedia 
cable network systems (MCNS), data over cable system interface specification (DOCSIS) and the DVB interaction 
channel for cable TV distribution systems (CATV). 

[0008] The present invention is closely related to the last mentioned part of the digital video broadcasting standard 
(DVB), its full bibliographic reference is ETSI ES 200 800 V1.2.1 (2000/04) digital video broadcasting (DVB): DVB 
interaction channel for cable TV distribution systems (CATV) from the European Telecommunications Standards Insti- 
tute 2000 in F-06921 Sophia Antipolis Cedex, France. This specification will also be referenced in a corresponding 
ITU standard and DVB document. 

[0009] One particular issue of the cable return channel system is to manage the frequencies being used for commu- 
nication between the terminal and the head-end. This leads to adjust (on the terminal side) the synchronisation in time 
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and the power level used to reach the head-end. This individual adjustment can be quite long; it depends on the 
configuration of the network and on the terminal location in the cable access network. According to the current version 
of the ETSI ES 200 800 standard, the adjustment procedure is done for each terminal each time it enters this network 
or each time the upstream frequency is changed. 

5 

Invention 

[0010] In view of the above it is the Idea of the invention to ease up the procedure for establishing a new connection 
and/or changing an existing connection. 
10 [0011] The object is solved with a method according to claim 1 and also with a network interface unit and an interactive 
network adapter as claimed. Favourable further developments and improvements are specified in the dependent 
claims. 

[0012] The introduction of information specifying a transmission parameter change, in a connection establishment 
message or a re-provision message or a transmission control message allows for a subjectively acceleration of the 

15 sign-on procedure. The response message to these messages, which is sent upstream from terminal to the head-end 
can be much more precise in regards to the parameter settings. The improvement can go so far, that in the connect 
establishment message, re-provision message or transmission control message an information can be entered that 
specifies whether or not a sign on procedure is required after the frequency/channel change. So with this additional 
measure it is possible to renounce completely on the sign on procedure. The parameter adaptation can be done in a 

20 process called re-ranging, which is less expenditure. The transmission parameter change can be a transmit power 
level change or a set value for the attenuation level at the receiver input of the head-end or directly a specified power 
level/power level change value. 

[0013] The different upstream frequencies or channels can have different characteristics, for example, regarding the 
noise behaviour so that for some channels/frequencies a high attenuation level needs to be set up at the head-end 

25 input, so as to ensure a correct carrier to noise ratio at the head-end receiver. Of course, the terminal must then transmit 
with a high power level. When changing the upstream frequency/channel, the power adjustment is known from the 
network testing/configuration phase. In such a case the head-end can control the power adjustment for the subscriber 
station avoiding the terminal to enter the basic sign-on procedure without any knowledge on the correction value. 
Consequently, the head-end is able to decide whether or not a sign on procedure is required. This can also be managed 

30 for the adjustment In time, which can be required if different upstream paths exist for different frequencies. 

[0014] Moreover, when an upstream frequency is very noisy, the required attenuation can be so high that some far 
terminals cannot be received at the head-end. In this case, the head-end could be adapted to measure the position of 
the terminal before assigning a certain frequency/channel to it in order to be able to only route near terminals to these 
frequencies/channels. 
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Drawings 

[0015] The present invention will be explained in more detail in connection with the enclosed drawings. In the draw- 
ings: 



Fig. 1 shows the connection of subscriber stations to a head-end at the cable operator side over a conventional 
broadband television cable; 

Fig. 2 shows the preferred frequency ranges for a CATV interactive system according to the DVB specification; 
Fig. 3 shows atypical connection establishment process as specified in ETSI ES 200 800 standard; 
45 Fig. 4 shows a typical connection change process by means of a transmission control message as specified in 
ETSI ES 200 800 standard; 

Fig. 5 shows a second example of a connection change process by means of a transmission control message 

including transmission stop information; 
Fig. 6 shows a first example of a connection establishment process according to the invention; 
so Fig. 7 shows a second example of a connection establishment process according to the invention; 
Fig. 8 shows a first example of a connection change process according to the invention and; 
Fig. 9 shows a second example of a connection change process according to the invention. 



Detailed Description of the Invention 

[0016] In Fig. 1 it is depicted that the number of subscriber stations are connected to a head-end via a broadband 
cable. The subscriber stations are set-top boxes for TV signal reception in the shown examples. Each subscriber station 
is equipped with a network interface unit 11 . This network interface unit can be an interna! or external cable modem. 
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On the cable operators side the broadband cable 16 is terminated at the head-end. There is a signal splitter 13 in the 
head-end, which consists of a filter bank, which provides filters for the various downstream and upstream channels. 
The main component in the head-end is the interactive network adapter 14, on which the signals for the downstream 
transmissions are generated, separated for each downstream channel and the signals received in the upstream chan- 
nels are evaluated. For Internet access, the interactive network adapter 14 is connected to the world-wide-web 15. 
[0017] Fig. 2 indicates a possible spectrum allocation. This figure is part of the above-mentioned DVB specification 
ETSI ES 200 800. It is evident from Fig. 2 that there co-exists 30 to 300 upstream channels and up to 620 downstream 
channels on this cable. Evidently a high efficient implementation of the media access control layer is required to manage 
all the different channels. A multiple access scheme is defined in order to have different users share the same trans- 
mission media. Downstream information is broadcast to all users of the networks. Thus an address management 
system exists, which allows the interactive network adapter to send information single-cast to one particular user. 
Upstream information may come from any user in the network and shall, therefore, also be differentiated at the inter- 
active network adapter, using the set of addresses. The manufacturer gets enough address space for addresses from 
an administration board. In each produced NIU (e.g. Set Top Box or Cable Modem) he programmes a unique address 
is from this address space. This address is fixed throughout the whole "life" of the NIU and will be used for the commu- 
nication between NIU and IN A. For example a 6 bytes long address can be used which is equivalent to the Ethernet 
MAC addresses. 

[0018] Within upstream channels, users send packets with TDMA-type access. This means that each channel is 
shared by many different users, who can either send packets with the possibility of collisions when this is allowed by 
the interactive network adapter or request transmission and use packets assigned by the interactive network adapter 
to each user specifically. Assuming that each channel can, therefore, accommodate thousands of users at the same 
time, ail users present on the network at the same time can easily use the upstream bandwidth. The TDMA technique 
utilises a slotting methodology, which allows the transmit start times to be synchronised to a common clock source. 
Synchronising the start time increases message throughput of this signalling channel and the message packets to not 
overlap during transmission. The period between sequential start times are identified as slots. Each slot is a point in 
time when a message packet can be transmitted over the signalling link. 

[001 9] The time reference for slot location is received via the downstream channels generated at the delivery system 
and received simultaneously by all set-top units. However, since there is a propagation delay in any transmission 
network, a time base ranging method accommodates deviation of transmission due to propagation delay. 
[0020] The physical layer for the forward interaction path (downstream transmissions) and for the return interaction 
path (upstream transmissions) is fully disclosed in above mentioned DVB specification and need not be described in 
detail here. Also the framing for forward interaction pass and return interaction pass is described in detail there as well 
as the slot timing assignment. More important for the understanding of the invention islhe MAC functionality. A lot of 
messages flow between the interactive network adapter and the network interface unit for media access control. There 
are three categories in which the messages can be divided: initialisation, provisioning and sign-on management; con- 
nection management and link management. There is a procedure, which is performed during power on or reset called 
MAC initialisation and provisioning. This process is, of course, fully described in the DVB specification as cited. Upon 
an NIU becoming active (i.e. powered up), it shall first find the current provisioning frequency, which is a downstream 
frequency. For this purpose the NIU tunes on any of the down stream channels and waits for the provisioning channel 
message. This message shall be sent periodically on all downstream channels. Upon receiving this message, the NIU 
shall tune to the provisioning channel. 

[0021] After a valid lock indication on a provisioning channel, the NIU awaits the default configuration message. 
When received, it shall configure its parameters as defined in the default configuration message. The default config- 
uration parameters include default timer values, default power levels, default-retry counts as well as other information 
related to the operation of the MAC protocol. The NIU shall tune to the downstream provisioning channel and the 
upstream service channel after having received the default configuration message. On these two channels the sign- 
on and calibration process is performed. The NUI awaits the 'sign-on request message' from the INA entity. Upon 
receiving the 'sign-on request message*, the NIU shall respond with 'a sign-on response message' and the sign-on 
response message shall be transmitted on a so-called ranging slot. The INA, upon receiving the 'sign-on response 
message' shall validate the NIU, by either sending an 'initialisation complete message' or a 'ranging and power cali- 
bration message'. When a 'ranging and power calibration message' is received, the NIU shall respond to the 'ranging 
and power calibration message' with a 'ranging and power calibration response message'. The 'ranging and power 
calibration response message' shall be transmitted on a ranging slot with a power level that has been corrected by a 
power control setting received in the 'ranging and power calibration message'. It is somehow a trial and error process 
for adjusting the power level during the ranging and power calibration process. There could be several attempts for 
adjusting the power level in the sign-on process. After having found acceptable signal strength and a good carrier to 
noise ratio in the 'ranging and power calibration response message', the head-end will issue an 'initialisation complete 
message'. 
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[0022] After the finished MAG initialisation and provisioning process, a connection establishment can be commenced. 
This process is described with the help of Fig. 3. In Fig. 3 on the left hand side the actions of the terminal are indicated, 
whereas on the right hand side the actions of the head-end are listed. After power on, the initial sign-on procedure is 
performed in step 20. This corresponds to the MAC initialisation and provisioning process as described above. There- 

5 after, the head-end generates a 'connect establishment message' which in the ETSI ES 200 800 specification is simply 
named 'connect message 1 and sends it downstream to the terminal in step 21 . The 'connect establishment message' 
has a certain structure, which will be explained in more detail later on. For the time being it is sufficient to say that in 
the 'connect establishment message' the information about an assigned upstream frequency for the connection to be 
established is embedded. The terminal having received this connect establishment message on the provisioning chan- 

10 nel, makes a frequency change in step 22. A complete sign -on procedure follows this frequency change in step 23. 
The sign-on procedure is similar to that in the initial sign-on procedure 20. However, the power level will be kept as 
previously adjusted in the initial sign-on procedure and also the time offset value remains unchanged. Of course, it 
can be that the power level found during sign-on on the upstream service channel is no longer optimal for the new 
frequency. Thus, again a number of messages could be required during this sign -on procedure on the new frequency 

15 in order to find the optimal parameter. 

[0023] After having received the 'initialisation complete message' the terminal transmits a 'connect response mes- 
sage' to the head-end in step 24. This is to acknowledge the receipt of the connect establishment message . The head- 
end responds with a 'connect confirm message' downstream in step 25. 

[0024] Fig. 4 shows a first example for changing an established connection in conformity with the ETSI ES 200 800 

20 standard. Identical reference numbers denote the same steps as in Fig. 3. After the initial sign-on procedure in step 
20, a 'connect establishment message' is sent from the head-end to the terminal in step 26, which specifies that a 
connection shall be established on a downstream and upstream frequency of the initial sign-on procedure. In this case 
no additional sign-on procedure is required and the terminal replies in step 24 with a 'connect response message'. It 
is signalled in the 'sign-on establishment message' with a Sign-On bit that no sign-on process shall be started in this 

25 case. The 'connect confirm message* follows directly from the head-end in step 25. In step 27 a so-called 'transmission 
control message' is transmitted from the head-end to the terminal. Also the transmission control message structure 
will be explained in more detail later on. For the moment it is sufficient to explain that with a 'transmission control 
message' several aspects of the upstream transmission can be controlled. This includes stopping upstream transmis- 
sion re-enabling transmission from NIU or group of NIUs and rapidly changing the upstream frequency being used by 

30 an NIU or group of NIU. 

[0025] In the example it is presumed that the 'transmission control message' makes a frequency change for the 
upstream channel. The terminal performs the frequency change in step 22. A new sign-on procedure follows in step 
23. This sign-on procedure is the same sign-on procedure as in the example of Fig. 3. A 'link management response 
message' is sent from the terminal to the head-end in step 28 to indicate reception and presetting of the previously 

35 sent transmission control message'. 

[0026] Another example of a change of an established connection with the help of a 'transmission control message' 
is shown in Fig. 5. The difference to the example in Fig. 4 is, that the 'transmission control message' also includes an 
upstream transmission stop command in addition to the new upstream frequency information. This prevents the terminal 
and head-end from directly starting the sign-on procedure after the frequency change in step 22. The terminal first has 

40 to await the transmission control message' having included the upstream transmission start command in step 30. After 
having received this message, the sign-on procedure will be performed and after its finishing the 'link management 
response message' will be delivered in step 28 from the terminal to the head-end. 

[0027] In Fig. 6 a first example of a connection establishment process is illustrated, which is improved according to 
the invention. Reference number 20 denotes the initial sign-on procedure like in Figures 3 to 5. Following the initial 

*s sign-on procedure a 'connect establishment message' is transmitted from the head-end to the terminal in step 31 . This 
'connect establishment message' has, however, a modified format. Basically, the new 'connect establishment message' 
has included a sign-on indicator and a power level or time correction value in addition. The format of this 'connect 
establishment message' is shown in table 1 . Most of the fields in this table are already known from the ETSI ES 200 
800 standard. Specifically, it is referred to page 73, where the structure and format of the original connect establishment 

so message is depicted. 
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Table 1 



Connect__Message (){ 


Bits 


Bytes 


Bit Number/ 
Description' 


Connection ID 


32 


4 




Sess io n_N um ber 


32 


4 




*-» on n ecu o n_ u ontro i_r i el d__Aux 

' Parameter Hhannp 

Enca nsulatinn fnHnHe»H 

DS Multiprotocol C8D Included 


4 
1 
1 
1 
1 


1 


7.. .4: shall be 0 
3: {no, yes} 
2: {no, yes} 
1 : {no, yes} 
0: {no, yes} 


Resource Number 


o 
o 


1 




Connection Control Field 

DS_ATM_CBD J nciuded 

DS_MPEG_CBDJncluded 

US_ATM_CBDJncluded 

Upstream_Channel_Number 

SlotJJstJnduded 

Cycfic__Assignment 


1 

1 
1 
3 
1 

1 


1 


7: {no, yes} 
6i{no, yes} 

4...2 

1 ;{no, yes} 
0:(no, yes) 


Frame_Length 


16 


2 




Maximum_Contention_Access Message Length 


8 


1 




Maximum_Reservation_Access Message Length 


8 


1 




tf(Connectoon_Contmf_Fietd &= DS ATM CBD Included) { 








Downstream ATM CBD() 


(64) 


(8) 




; 








// (Connection_Control Field &= DS MPEG CBD Included) { 








Downstream MPEG CBD{) 


(48) 


(6) 












;f (Connection Control Field &= US ATM CBD Included) { 








Upstream ATM CBD() 

- = = S 


(64) 


(8) 












// (Connection_Control Field &= 
Slot_UstJncluded) { 








NumberSlotsDefined 


(8) 


(1) 




for (p=0;i<Number Slots Defined; i++{ 








Slot Number 


(16) 


(2) 




. ; 








; 








if (MAC_Controt_Params == Cyclic Assignment^ 






Fixed RateAccess 


Fixedrate__Start 


(16) 


(2) 




Fixed rateJDist 


(16) 


(2) 




Fixed rate End 


(16) 


(2) 




; 








if (ConnectionjControlJField_Aux 
DS_Muitipmtocol_CBDJnctuded) { 








Downstream Multiprotocol CDB() 


(48) 


(6) 




• ; 








if (Connecuon_Controt_Fieid Aux &= Encapsulation Included) { 








Encapsulation 


(8) 


(D 




; 








if Parameter_Change{ 








Power_ Controt^Setting 


(8) 


d) 




Vme Offset Value 


(16) 


(2) 




} 








> 









[0028] The known fields of this message are, therefore, not expressively explained here. A few fields are added to 
implement the idea of the invention. In the Connection_Control_Field_Aux there is additionally the data entry Sign-On, 
which only requires one single bit in addition. With this bit the sign-on process can be switched on and off. Furthermore! 
there is the additional data entry Parameter_Change, which also requires only one single bit in addition. This bit is 
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used to indicate that the connection establishment is accompanied by a parameter change or not. Two of the reserved 
bits in the Connection Control Field Aux are used for the two additional bits in this field. Only 4 reserved bits remain 
after this. 

[0029] Further in addition, it has been added the conditional field if (Parameter Change Yes) then Power-Control- 
5 Setting and further optional Time-Off set- Value at the end of the table. The optional additional parameters Power-Con- 
trol-Setting is an 8-bit signed integer for indicating how the power level value needs to be corrected compared to the 
" previous setting. With 8 bits, it is possible to make a correction of the power level in the range of -1 28 to +1 27 adjustment 
steps. It is specified in the ETSI ES 200 800 standard that the transmit power level for upstream transmissions shall 
be in the range 85 to 113 dBu.V for the case of 75 Ohm cables. For some geographic areas it is also allowed to use 
10 the range 85 to 122 dBjxV. Also it is specified that the power level range shall be adjustable by steps of 0,5 dBjxV. The 
Power-Control-Setting parameter having 8 bits is, therefore, more than sufficient for this purpose. 
[0030] The Time-Offset value has a length of 1 6 bits and is used for correcting the transmitting time point in order to 
compensate for the different distances of the terminals from the head-end. This parameter is also part of the ranging 
and power calibration method, which is already specified in the ETSI ES 200 800 standard. The Time-Off set value is 
is a 16 bit short integer representing a relative offset of the upstream transmission timing. A negative value indicates an 
adjustment forward in time (later). A positive value indicates an adjustment back in time (earlier). The unit of measure 
is 100 ns. 

[0031] After evaluating the 'connect establishment message' the terminal makes a frequency change inclusive a 
power and/or time adjustment based on the entries in the connect establishment message. This is done in step 32. 

20 Following the frequency change and power and/or time adjustment step, the terminal sends back the 'connect response 
message' in step 24. This is a difference to the procedure of Fig. 3, where another sign-on procedure on the new 
frequency is first performed in step 23 after the frequency change 22. Following the 'connect response message' an 
individual re- ranging procedure will be performed in step 33. This individual re-ranging procedure does not take as 
much time as the full sign-on procedure. The re-ranging procedure is similar to the re-calibration procedure, which is 

25 already specified in ETSI ES 200 800. A ranging and power calibration message will be transmitted from head-end to 
terminal in step 34 and the corresponding ranging and power calibration response message will be returned to the 
head-end by the terminal in step 35. Both messages have already been explained in connection with Fig. 3 because 
they are also used in the initial sign-on procedure as well as in the sign-on procedures after a frequency change. The 
'connect confirm message' is transmitted from the head-end to the terminal in step 25 after finishing the individual re- 

30 ranging procedure. The connection establishment as shown in Fig. 6 is subjectively accelerated compared to the con- 
nection establishment shown in Fig. 3. 

[0032] Fig. 7 shows an example of a connection establishment according to the invention, where in the 'connect 
establishment message' the sign-on indicator is set to no sign-on and a new frequency is also announced. In this 
example the frequency change in step 22 is equal to the frequency change in Fig. 3. There is no direct adjustment of 
35 the power level and/or the time offset value. However, also in this case, the 'connect response message' will be delivered 
right after the frequency change procedure. And also the individual re-ranging procedure will be performed following 
the 'connect response message' in step 33. A 'connect confirm message' in step 25 terminates the connection estab- 
lishment process. 

[0033] Fig. 8 shows an example for changing an established connection by means of a 'transmission control message' 
40 according to the invention. This process is compared to the process shown in Fig. 4. The initial sign-on procedure in 
step 20 and the 'connect establishment message' in step 26 'connect response message' in step 24 and 'connect 
confirm message' in step 25 are identical to those shown in Fig. 4. Following this connection establishment a modified 
'transmission control message' is transmitted from head-end to a terminal in step 37. In this 'transmission control 
message' besides a new frequency the parameter is included that no sign-on procedure shall follow this 'transmission 
45 control message'. For this purpose the format and structure of the 'transmission control message' specified in ETSI 
ES 200 800 standard needs to be modified. The new format and structure is shown in table 2. 

[0034] In the Transmission_Control_Field the additional parameter Sign-On is included, together with 7 reserved 
bits. The 'transmission control message' format also has been modified like the 'connect establishment message' in 
regard to the conditional if (Parameter Change) clause. This field also carries both additional parameters 
so power_control_setting and time_offset_value as already explained in connection with the connect establishment mes- 
sage structure shown in table 1 . 
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Table 2 





Transmission_Control_Message(K 


Bits 


Bytes 


Bit Number / 
Description 


5 


Trans mission_Control_Field 




2 




10 
15 


Reserved 
SignjDn 

Parameter_Change 
Chan ge_ Ti meouts 

Switch_Down stream J B_Freq uency 

Stop_Upstream_Transmission 

Start_Upstream_Transmission 

Old__FrequencyJncluded 

Switch JDownstream_OOB_Frequency 

Switch_Upstream_Frequency 


7 
1 
1 
1 
1 
1 
1 
1 
1 
1 


15.. .9 
8: {no, yes} 
7: {na, yes} 
o. (no, yesj 

5: {no, yes} 

4: {no, yes} 

3: {no, yes} ' 

2: {no, yes} 

1 : {no, yes} 

0: {no. yes} 




if (TransmJsstonjControi_Fie/d &= 
SwitchJJpstream^Fnequency && 
Old_Frequency_lnduded){ 








20 


Old_Upstream_Frequency 


















if (Transmission__Control_Field <&= 
Swtfch_Upstneam_Frequency){ 










Klpii; llnctmam Pronii^nr*** 
ncw_u pducdni rreq uency 


(32) 


(4) 
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NJc3Mi i IneffAdm Phnnrtnl MumUnr 

1 N a™ yj pa ir tsd rn na n nei rvj u muer 

Reserved 
Upstream_Rate 


(3) 
(2) 
(3) 


(1) 


7.. .5 
4...3 
2...0 


30 


MAC_F!ag_Set 
Reserved 


(5) 
(3) 


d) 


7 

I ...O 

2...0 




; 








35 


if (Transmission Control Field & = 
SwitchJDownstream_OOB_Frequency && 
Old Frequency lncJuded){ 










Old Downstream OOB Frequency 


(32) 


(4) 






} 










if (Transmission_ControiJFietd &= 
Switch_ Downstream OOB Frequency){ 








40 


New_Downstream_OOB_Frequency 
Down strea m_Ty pe 


(32) 

\ a i 


(4) 

\ 1 ) 














45 


if (TransmissionjContrx>i_Fieid &= 
Switch_ D o wnstream_ /B_ Frequency && 
Old_FrequencyJnciuded){ 








Old_Downstream IB_Frequency 


(32) 


(4) 
















if (Transmission_Controi_Field <£= 
Switch^ Downstream IB Frequency){ 








50 


New_Down stream JB_Frequency 


(32) 


(4) 














if (Transmission_OontrolJ=ield &= 
Change_ Ttmeouts){ 










Number' of Timeouts 


(8) 


(1) 
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for (1=0; 

KNumbsr cf Timeouts ; { 
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Field 

Code 
Value 


(4) 
(4) 


Ml 




; 
















If Parameter^ Change{ 








Power_Contrvl_Setting 


(8) 


(D 




Time Offset Value 


(16) 


(2) 




} 








} 









[0035] After having received the transmission control message' in step 37 the conventional frequency change pro- 
fs cedure will be performed at the terminal side in step 22. Instead of the sign-on procedure directly following this frequency 
change in this embodiment the link management response message will be delivered to the head-end in step 28. But 
now the individual re-ranging procedure will be performed like in Fig. 6 and 7 in this example. It is not mandatory to 
make the individual re-ranging procedure. Often, the settings for power level calibration and synchronisation can remain 
unchanged after the frequency and channel change. After this no further message is required and data transmission 
20 can follow on the new frequency. 

[0036] A second example according to the invention for changing an established connection with a 'transmission 
control message' is illustrated in Fig. 9. In this case, in step 38 the 'transmission control message' not only announces 
a frequency change but also a transmission stop command and a power and/or time correction. The entry of the sign- 
on indicator field is meaningless in this case. This is because the transmission is stopped anyhow. The terminal will 
25 make the frequency change in step 32 inclusive the power and/or time correction. The individual re-ranging procedure 
will also be performed. Of course, in this case the 'ranging and power calibration message' does not contain a further 
power and/or time correction because this information was already delivered in the 'transmission control message'. 
The terminal will just respond with the 'ranging and power calibration response message', in step 35. After this, the 
terminal waits for a further 'transmission control message' announcing that the transmission is started again. The head- 
30 end delivers this transmission control message' in step 41 and sets the sign-on indicator bit so that it is indicated that 
no sign-on procedure needs to be performed after this message. The terminal responds with a 'link management 
response message' in step 28. 

[0037] In ETSI ES 200 800 standard there is a further message type, which can be used for changing an established 
connection. This message is called re-provision message. A new upstream frequency can also be announced with the 
35 help of the 're-provision message'. The 're-provision message' is sent by the head- end to the terminal to reassign 
upstream resources (maintaining the originally requested quality of service parameters at the establishment of the 
connection). It is, therefore, a further embodiment of the invention that the 're-provision message' is modified similar 
to the modified 'connect establishment message' and 'transmission control message*. The modified re-provision mes- 
sage structure/format is shown in table 3. The table shows that the same amendments have been made. In the Re- 
provision_Control_Fieid the sign-on indicator bit and the parameter change indicator bit has been added. The condi- 
tional if (parameter change) clause is also added. at the end. For explaining the changing of an established connection 
with a 're-provision message", the drawings for Fig. 8 and 9 can be used if the 'transmission control messages' are 
replaced by 're-provision messages'. 

45 



50 
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Table 3 





Reprovision_Message (){ 


Bits 


Bytes 


Bit Number/ 


5 








Description 


10 
15 


Reprovision_Control_Fieid 
Reserved 
Sign_On 

Parameter_Change 
Delete_Reservation J Ds 
New_DownstreamjB_Frequency 
New_Downsiream_00 B_Frequency 
New_Upstream_FrequencyJnciuded 
New_Frame_LengthJnc!uded 
New_Cycircal_Assignment_!ncluded 
New_Slot List Included 


7 
1 
1 
1 
1 
1 
1 
1 
1 
1 


2 


15...9 

8 : {no, yes} 
7 : {no, yes} 
6 : {no, yes} 
5 : {no, yes} 
4 : {no, yes} 
3 : {no, yes} 
2 : {no, yes} 
1 : {no, yes} 
0 : {no, yes} 




if (Reprovision_Control_Field &= 
New Downstream IB Frequency) { 










N e w_Do wnstream IB Frequency 


(32) 


(4) 






} 








20 


if (Reprovision_ Control_Field &~ 
New_Do wnstream OOB Frequency) { 










New_Downstream OOB Frequency 


(32) 


(4) 






Downstream Type 


(8) 


(D 






} 








25 


if (Reprovision_ControJ_Field &- 
New_Upstream_Frequency_lnctuded) { 










New_Upstream_Frequency 


(32) 


(4) 




30 


New Upstream Parameters 

New_JJpstream_Channel Number 

Reserved 

Upstream_Rate 

MAC_F!ag_$et 

Reserved 


(3) 
(2) 
(3) 
(5) 
(3) 


(2) 


15...13 

12...11 

10...8:enum 

7...3 

2...0 




; 








35 


if (Reprovision_Controt_Field <S= 
New_FrameJLengthJnciuded){ 








New_Frame_ Length 


(16) 


(2) 


9-0 : Unsigned 




} 








40 


if (Reprovision_Control Field &= 
New_Stot_UstJnc!uded \\ 
New_CyciicaI_AssignmentJnctuded |j 










N um ber_of_Con nections 


(8) 


(1) 






for(i=0;i<Number of Connections; i++){ 










Connection ID 


(32) 


(D 






if(Reprovision_ControlJFietd &= 
new__s!ot list incfuded){ 






Fixed Rate Access 


45 


Number_SlotsJ3efined 


(8) 


(D 






for(i=0;i<Number Slots Assigned;i++){ 










Slot Number 


(16) 


(2) 






; 








50 


; 
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if (Reptovtsion Control Field &— 
new_cyclic_Assignment_inciuded)f 






t— ; — -— — - — j 

Fixed Rate Access 


Fixedrate Start 


(16) 


(2) 




Ffxedrate_Dlst 


(16) 


(2) 




Fixedrate End 


(16) 


(2) 




y 








y 








} 








if Parameter_Change{ 








Power_ ControI_ Setting 


(8) 


(D 




Time Offset Value 


(16) 


(2) 




} 








> 









15 

[0038] The described improved connection establishment/change process allows for a further improvement of the 
frequency/channel assignment process. The INA can measure the distance to a terminal for which a connection is to 
be established before establishing/changing a connection. This is done within the initial sign-on process. An example 
of how this can be done is e.g. described in WO-A 00/44174. Then the INA determines which frequency/channel can 
20 be used by this terminal so that it will be correctly received. For this, the INA has to know for each upstream frequency 
what is the input attenuation and thus determine what is the maximum distance for a terminal to be received at the INA 
using a power level inferior or equal to the maximum allowed power level. 

[0039] The INA consults the entries in a table in order to find the frequencies/channels, which have proved to deliver 
sufficient carrier to noise ratios for the measured distance. A frequency/channel assignment will be made only with 
25 one of the frequencies/channels selected in the previous step. The table can be set up e.g. during the network testing/ 
configuration phase. 

[0040] The invention is not restricted to the exemplary embodiment disclosed in the description. If in a standard 
different types of messages can be used for establishing and changing a connection, those messages can also be 
modified in the sense of the invention. The disclosed modifications of the different messages, of course, also change 
30 the behaviours of the equipment in the head-end and the network interface unit in the terminals. The skilled man will 
agree that those modifications are directly deducible from the modified message structures with the help of the terminal 
head -end communication illustrations in Fig. 3 to 9. 

[0041] An example where the sign -on indicator is set to Sign -on: yes is not explicitly shown in the drawings. For 
these examples the Figs. 3 to 5 can be used for illustrating these embodiments. It is important to notify that the sign- 
35 on procedures are speeded up by the use of the parameters Power_Control_Setting and Time_Offset_Value as ex- 
plained above. 

Claims 

40 

1. Method for establishing a connection between an interactive network adapter (14) and a network interface unit 
(11), wherein the transmission medium between interactive network adapter (14) and network interface unit (11) 
is a broadband cable (16), providing a number of downstream channels and a number of upstream channels, 
wherein for connection establishment the interactive network adapter (14) first sends a connect establishment 
« message (31 , 36) to the network interface unit (11) having included the information on which frequency/channel 

the connection shall be established, characterised in that the connect establishment message (31 , 36) includes 
a further information specifying a transmission parameter change, for upstream transmissions on the new frequen- 
cy/channel specified in this message . 

so 2. Method according to claim 1, wherein a re-provision message is sent from interactive network adapter (14) to 
network interface unit (11) in order to change previously established connection parameters, wherein in case the 
re-provision message introduces a frequency/channel change for the connection, the re-provision message in- 
cludes an information specifying a transmission parameter change, for upstream transmissions on the new fre- 
quency/channel specified in this message . 

55 

3. Method according to claim 1 or 2, wherein a transmission control message (37, 38) is sent from interactive network 
adapter (14) to network interface unit (11) in order to control several aspects of connections, such as stopping 
upstream transmissions, re-enabling upstream transmissions, rapidly changing upstream frequency/channel, 
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wherein in case the transmission control message introduces a frequency/channel change for the connection, the 
transmission control message includes further information specifying a transmission parameter change for up- 
stream transmissions on the new frequency/channel specified in this message. 

4. Method according to one of claims 1 to 3, wherein the transmission parameter is the absolute or relative transmit 
power level or the absolute or relative set value for the attenuation level at the receiver input of the interactive 
network adapter (14), from which the transmit power level is deducible, or the time offset value which is used for 
correcting the transmission time point of the network interface unit in order to synchronise it with the transmission 
time point of another network interface unit, which has a different distance to the interactive network adapter (14). 

5. Method according to one of the previous claims, wherein the connect establishment message, the re-provision 
message or the transmission control message further includes an information entry, which specifies whether or 
not a sign-on procedure is required after the frequency/channel change. 

6. Method according to one of the previous claims, wherein the connect establishment message, the re-provision 
message or the transmission control message further includes an information entry, which specifies whether or 
not a parameter change is required after the frequency/channel change. 

7. Network interface unit for use in a method according to one of the previous claims, having included a receiving 
section and a transmitting section, and having included a media access control management entity, wherein after 
receiving a connect establishment message a re-provision message or a transmission control message the network 
interface unit (11) tunes to the frequency/channel specified in the connect establishment message, re-provision 
message or transmission control message and receives a sign-on request message from the interactive network 
adapter (1 4), characterised in that, the network interface unit (1 1 ) transmits a response message to the interactive 
network adapter (14), wherein a transmission parameter is set to a value corresponding to a transmission param- 
eter change value, which has been received in the connect establishment message, re-provision message or 
transmission control message. 

8. Network interface unit according to claim 7, wherein the response message is a sign-on response message. 

9. Network interface unit according to claim 7, wherein in the case that the connect establishment message, re- 
provision message or transmission control message includes an information entry, which specifies that no sign- 
on procedure is required after the frequency/channel change, the network interface unit (11) does not wait for a 
sign-on request message and transmits a connect response message or a link management response message 
to the interactive network adapter (14), wherein for the response message a transmission parameter is set to a 
value corresponding to a transmission parameter change value that has been received in the re-provision message 
'or transmission control message. 

10. Interactive network adapter for use in a method according to one of the claims 1 to 6, having included a receiving 
section and a transmitting section and having included a media access control management entity, wherein for 
establishing a connection the interactive network adapter (14) transmits a connect establishment message to a 

. network interface unit (11), having included an information on which frequency/channel the connection shall be 
established, characterised in that the the interactive network adapter inserts an information specifying a trans- 
mission parameter change value in the connect establishment message, for upstream transmissions on the fre- 
45 quency/channel specified in this message. 

11. Interactive network adapter according to claim 10, wherein for a change of previously established connection 
parameters a re-provision message is sent from interactive network adapter (14) to network interface unit (11), 
having included an information on which frequency/channel the connection shall be established, and wherein the 
interactive network adapter. (14) inserts an information specifying a transmission parameter change value in the 
re-provision message, for upstream transmissions on the frequency/channel specified in this message. 

12. Interactive network adapter according to claim 10 or 11, wherein for controlling several aspects of connections, 
such as stopping upstream transmissions, re-enabling upstream transmissions, rapidly changing upstream fre- 
quency/channel, a transmission control message is sent from interactive network adapter (1 4) to network interface 
unit (1 1 ), having included an information on which frequency/channel the connection shall be established, wherein 
the interactive network adapter (14) inserts an information specifying a transmission parameter change value in 
the transmission control message, for upstream transmissions on the frequency/channel specified in this message. 
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13. Interactive network adapter according to one of claims 10 to 12, wherein the interactive network adapter (14) 
inserts an information entry in the connect establishment message, re-provision message or transmission control 
message, which specifies that no sign-on procedure is required after the frequency/channel change. 



s 14. Interactive network adapter according to one of claims 1 0 to 13, wherein the transmission parameter is the transmit 
power level or the set value for the attenuation level at the receiver input of the interactive network adapter (14), 
from which the transmit power level is deducible, or the time offset value which is used for correcting the trans- 
mission time point of the network interface unit in order to synchronise it with the transmission time point of another 
network interface unit, which has a different distance to the network interface unit. 

10 

15. Interactive network adapter according to one of claims 10 to 14, wherein it includes means for measuring the 
distance to a terminal and that it includes frequency/channel assigning means, which utilize the entries in a table 
for assigning to terminals having a distance higher than a predetermined limit those frequencies/channels which 
proved to deliver a carrier/noise ratio better than a predetermined further limit. 
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